Theories of a pre-RNA world suggest that glycolonitrile (HOCH 2 CN) is a key species in the process of ribonucleotide assembly, which is considered as a molecular precursor of nucleic acids. In this Letter, we report the first detection of this pre-biotic molecule in the interstellar medium (ISM) by using ALMA data obtained at frequencies between 86.5 GHz and 266.5 GHz toward the Solar-type protostar IRAS16293-2422 B. A total of 15 unblended transitions of HOCH 2 CN were identified. Our analysis indicates the presence of a cold (T ex =24±8 K) and a warm (T ex =158±38 K) component meaning that this molecule is present in both the inner hot corino and the outer cold envelope of IRAS16293 B. The relative abundance with respect to H 2 is (6.5±0.6)×10 −11 and ≥(6±2)×10 −10 for the warm and cold components respectively. Our chemical modelling seems to underproduce the observed abundance for both the warm and cold component under various values of the cosmic-ray ionisation rate (ζ). Key gas phase routes for the formation of this molecule might be missing in our chemical network.
INTRODUCTION
Nucleobases are nitrogen heterocycles that are key components in biological nucleic acids. Theories of a primordial RNA world suggest that these nitrogen heterocycles could have been synthesized easily from hydrogen cyanide (or HCN; see Oró & Kimball 1961) . In this chemical scheme, one of the key precursors towards adenine formation (one of the two two-ring N-heterocycle nucleobases known) is glycolonitrile (HOCH 2 CN; Menor-Salváin & Marín-Yaseli 2012) 1 . Indeed, it has been shown that the freezing of dilute solutions of HOCH 2 CN not only produces adenine but it also strongly accelerates HCN oligomerization (Schwartz & Goverde 1982) . HOCH 2 CN could even be a precursor of glycine if reacting with ammonia in eutectic (ice-water) solutions (Menor-Salván, priv. comm.) .
In the ISM, HOCH 2 CN could form on icy grain sur-faces via the reaction between formaldehyde (H 2 CO) and hydrogen cyanide (HCN; Danger et al. 2012) . Danger et al. (2013) later on showed that its photo-destruction is expected to yield species such as cyanogen (NCCN), formylcyanide (CHOCN), and ketenimine (CH 2 CNH). The latter two have been detected toward the hot core Sgr B2(N-LMH) (Lovas et al. 2006; Remijan et al. 2008) . As a structural isomer of HOCH 2 CN, significant amounts of methyl isocyanate (CH 3 NCO) have been readily measured in astrophysical environments such as the high-mass hot cores Sgr B2(N) and Orion KL (Halfen et al. 2015; Belloche et al. 2017; Cernicharo et al. 2016) , and the Solar-type protostar IRAS16293-2422 (I16293 hereafter; Ligterink et al. 2017; Martín-Doménech et al. 2017) . However detection of HOCH 2 CN remains to be reported.
I16293 is a well-studied Class 0 protostar located in the ρ Ophiuchi star-forming region, at a distance of 141 +31 −21 pc (Dzib et al. 2018) . It has a cold outer envelope (with spatial scales of up to ∼6000 au) (Jaber Al-Edhari et al. 2017 ) and a hot corino at scales of ∼100 au (Jørgensen et al. 2016 ). Due to its hot-core-like properties, a wealth of complex organic molecules (COMs) have been reported toward its two binary components: I16293A and I16293B, separated by 5 in the plane of sky (Wootten 1989; Looney & Hardcastle 2000) . Here, we report the first detection of HOCH 2 CN towards I16293B at frequencies ≤270 GHz using the Atacama Large Millimeter Array (ALMA).
OBSERVATIONS
We searched for HOCH 2 CN using several publicly available datasets in Bands 3, 4, and 6 in the ALMA archive (projects ID: #2011.0.00007.SV, #2012.1.00712.S, #2013.1.00061.S, #2013.1.00352.S, and #2015.1.01193.S (e.g. Jørgensen et al. 2016; Ligterink et al. 2017; Martín-Doménech et al. 2017) ). By excluding datasets in Bands 7 and 8, we limit the spectral confusion seen at high frequencies, which facilitates the continuum subtraction performed in the uv-plane before imaging using line-free channels from the observed spectra. In addition, the line optical depth effect by the dust can also be avoided since the continuum emission toward the innermost parts of I16293 B is likely optically thick at frequencies >300 GHz (Zapata et al. 2013; Jørgensen et al. 2016) . As in Martín-Doménech et al. (2017) , the standard ALMA calibration scripts and the Common Astronomy Software Applications package were used for data calibration and imaging.
Our dataset covers a total bandwidth of ∼7 GHz spread in multiple spectral ranges between 86.5 GHz and 266.5 GHz. The beam sizes range between 1.42 and 1.85 with spectral resolutions of 61-282 kHz that correspond to velocity resolutions of 0.1-0.9 km s −1 . To facilitate the analysis, a circle of 1.6 diameter was used to extract the spectra from each dataset at the position of I16293 B: α(J2000.0)=16 h 32 m 22.61 s , δ(J2000.0)=-24 • 28 32.44 . Note that the beam sizes are much larger than the source size (0.5 ) (Jørgensen et al. 2016; Lykke et al. 2017; Martín-Doménech et al. 2017) and hence the flux measured within our circular support of 1.6 diameter contains all the flux independently of the beam. Angular resolutions ≤1.9 are sufficient to resolve source B from source A in the I16293 binary, and thus the emission from I16293 B exhibits line profiles ≤2 kms −1 .
RESULTS
The line identification and analysis were performed with madcuba package 2 . For HOCH 2 CN, we have used the spectroscopic parameters from the Cologne Database for Molecular Spectroscopy (CDMS) 3 (Müller et al. 2001 (Müller et al. , 2005 Endres et al. 2016 ) based on the laboratory work of Margulès et al. (2017) . Within the frequency range covered, we have identified 35 transitions with peak fluxes ≥3σ, where σ is the rms noise level measured in the spectra. 15 out of 35 transitions are unblended from other molecular species whilst the rest are blended but show consistency with the observed spectra. Spectroscopic information of the unblended transitions are summarized in Table 1 . The madcuba-slim package was used to produce synthetic spectra for each line profile by considering Local Thermodynamical Equilibrium (LTE) and line opacity effects. For the typical densities and linear scales imaged with ALMA toward I16293, LTE is a good approximation (see Jørgensen et al. 2016) . In addition, no collisional coefficients are available for HOCH 2 CN. The parameters column density (N tot ), excitation temperature (T ex ), velocity (V LSR ), and linewidth (∆ν) were adjusted manually to match the synthetic spectra to the line profiles. Then the madcuba-autofit tool was employed to provide the best non-linear least-squared fit using the LevenbergMarquardt algorithm. Since a single temperature was unable to reproduce all the observed spectra, two temperature components were invoked, which is also agreed with our rotational diagram analysis (see Figure 1 and 2). However we cannot rule out the possibility that LTE might not apply which may explain why a single temperature cannot reproduce the observations. While the low-E up lines require a prominent contribution from a cold component (with T ex =24±8 K; see green lines), the high-E up lines are dominated by a warm component (with T ex =158±38 K; red lines). The warm component is best fitted with V LSR =2.62±0.03 km s −1 and ∆ν=1.03±0.03 km s −1 , whilst the cold component is best fitted with V LSR =2.62±0.15 km s −1 and with ∆ν fixed to 1 km s −1 . The line parameters derived for warm component are consistent with those measured for other molecules in I16293B (Jørgensen et al. 2016; Martín-Doménech et al. 2017; Ligterink et al. 2017; Rivilla et al. 2019) . As in the analysis of CH 3 NCO by Martín-Doménech et al. (2017) toward I16293B, the source size was fixed to 0.5 for the warm component but an extended source size (>10000 au or >20 ) was considered for the cold component. Our analysis is not affected by line optical depth effects since all HOCH 2 CN transitions are optically thin (τ ≤0.02).
To strengthen the need for two temperatures, we built the rotational diagram using all unblended HOCH 2 CN lines and assuming optically thin emissions (Figure 2 ). Two linear least square fits are required to fit simultaneously the transitions with E up ≤100 K and E up ≥100 K. The two rotational temperature T rot inferred from the rotational diagram are 39±7 K and 156±27 K. They are consistent (within the errors) with the T ex computed by madcuba of 24±8 K and 158±38 K for the cold and warm components respectively. The inferred column density is by applying a correction factor of
N tot =(8.5±2.6)×10 13 cm −2 and N tot =(1.8±0.1)×10 15 cm −2 for the cold and warm components respectively. An H 2 column density of N(H 2 )=2.8×10 25 cm −2 was adopted from (Martín-Doménech et al. 2017), yielding an HOCH 2 CN abundance of (6.5±0.6)×10 −11 for the warm component. Given that the cold component of HOCH 2 CN is likely to trace the outer envelope, an H 2 column density of N(H 2 )=1.5×10 23 cm −2 was adopted using the envelope profile constrained by Crimier et al. (2010) . The resulting HOCH 2 CN abundance for the cold component is therefore (6±2)×10 −10 . Since this N(H 2 ) refers to the whole envelope, our abundance must be considered as a lower limit. We note that Pineda et al. (2012) also needed to invoke the presence of two-temperature components to reproduce the moderately optically-thick lines of CH 3 OCHO and H 2 CCO toward I16293B. However, their inferred temperatures are T=3 K and T=45-60 K for the cold and warm components respectively, i.e. very different from the ones derived in this work. Given the complex structure of the source with known temperature/density and kinematic gradients, different COMs likely probe different temperature/density regions within the envelope. This may explain why the HOCH 2 CN lines do not show any shift in V lsr between the cold and warm components, or any broadening for the high-E up lines, as expected from the infall motions reported in Pineda et al. (2012) . In addition, the HOCH 2 CN lines are optically thin (τ<0.02) with higher excitation temperatures, making very unlikely the presence of inverse P-Cygni profiles.
As studied by Danger et al. (2012) , HOCH 2 CN can form in concurrence with aminomethanol (NH 2 CH 2 OH), a precursor of aminoacetonitrile (NH 2 CH 2 CN) and, possibly, of glycine (NH 2 CH 2 COOH) (Belloche et al. 2008) . The yielding ratio between NH 2 CH 2 OH and HOCH 2 CN is sensitive to the initial ratio between NH 3 and ammonium salt ([NH 4 +− CN]) in the ice (see Figure 4 in their paper). In I16293B, we are unable to search for NH 2 CH 2 OH due to the lack of laboratory or theoretical line frequencies and strengths, but its daughter molecule aminoacetonitrile (NH 2 CH 2 CN) is undetected in the warm component with a 3σ upper limit N tot ≤1.7×10 14 cm −2 (or an H 2 relative abundance of ≤6.2×10 −12 ). This could suggest that in I16293B the formation of HOCH 2 CN is favoured over NH 2 CH 2 OH. The photo-products of HOCH 2 CN, CHOCN and CH 2 CNH for which spectroscopic data exist (Danger et al. 2012) , are also undetected in the warm component with 3σ abundance upper limits ≤1.3×10 −11 and ≤7.5×10 −12 respectively (i.e. ∼6 to 11 times less abundant than HOCH 2 CN). Notes. "#" means that the species is on dust grains. a(b) means a × 10 b . Bimolecular rate coefficients are tabulated 
CHEMICAL MODELLING
To reproduce the observed abundance of HOCH 2 CN in the warm and cold components in I16293B, we have used the gas-grain chemical code uclchem 4 (Viti et al. 2004; Holdship et al. 2017; Quénard et al. 2018a ). The gas-phase reactions are taken from the UMIST database (McElroy et al. 2013 ) with additional reactions from Quénard et al. (2018a) and Majumdar et al. (2018) . The code considers thermal desorption of the ices, as well as grain surface non-thermal processes such as diffusion via thermal hopping, quantum tunnelling (Hasegawa et al. 1992) , cosmic-rays desorption, direct-UV and secondary-UV desorption (McElroy et al. 2013; Holdship et al. 2017) , and chemical reactive desorption (Minissale et al. 2016) .
For HOCH 2 CN, we have updated the chemical network of Quénard et al. (2018a) with the laboratory experiments on grain surfaces of Danger et al. (2012 Danger et al. ( , 2013 . We have also added several ion-neutral destruction reactions involving HOCH 2 CN and three major ions: H + 3 , HCO + and H 3 O + to the gas phase network. To our knowledge, their reaction rates are unknown but, at first approximation, we assume that they are similar to those involving CH 3 NCO and keep the different branching ratios (see Majumdar et al. 2018) . No gas phase formation reactions of HOCH 2 CN have been added to the network due to the lack of either laboratory experiments or theoretical calculations. The list of reactions added to the gas and grain surface chemical network is shown in Table 2 . The network contains 372 species (247 in the gas phase and 125 on the grain surface) and 3525 reactions. The starting elemental abundances are the same as in Quénard et al. (2018a) . Binding energies of molecules are taken from Wakelam et al. (2017) and the binding energy for HOCH 2 CN (of 6980 K) is from Danger et al. (2012) .
The chemical modelling is performed in three steps. The first step corresponds to the diffuse cloud phase, we followed the chemistry of a low-density cloud (n H = 10 2 cm −3 , T = 100 K and A V = 2 mag) during 10 6 yr. The second step is the pre-stellar phase, where the cloud contracts for ∼5.3×10 6 yr at a fixed temperature of 10 K until it reaches a final density following a free-fall collapse parametrisation (Rawlings et al. 1992; Holdship et al. 2017) . For the warm component, the final density is n H = 5 × 10 8 cm −3 (Qué-nard et al. 2018a) while for the cold component we set it to n H = 6 × 10 6 cm −3 , in agreement with the physical structure determined for I16293's envelope (Crimier et al. 2010) . The third phase is the warming-up or proto-stellar phase, when the density is kept constant and the gas/grain temperatures increase from 10 K up to either 160 K for the warm component, or to 30 K for the cold envelope. For all phases, we assume a constant external radiation field of G 0 = 1 Habing, while we vary the cosmic-ray ionisation rate (ζ) from 1 to 6 times the standard value (ζ std = 1.3 × 10 −17 s −1 ). This is consistent with studies of molecular ions such as HCO + toward I16293 (Doty et al. 2004; Quénard et al. 2018b) . Figure 3 presents the observed abundance of HOCH 2 CN compared to the predicted values obtained for the warm and cold components varying ζ. For the warm component (upper panel), the sudden increase of HOCH 2 CN at time-scales ∼2×10 4 yrs is due to the thermal evaporation of HOCH 2 CN once the dust temperature (T dust ) exceeds its binding energy (note that HOCH 2 CN in our model is formed only on dust grains; see above). Despite the inherent uncertainties, the observed HOCH 2 CN abundance seems to match the modelled abundance for ζ std and ζ = 3 × ζ std at the dynamical age of I16293B of ∼1-2×10 4 yrs (e.g. Quénard et al. 2018b , and references therein). At longer time-scales, HOCH 2 CN is efficiently destroyed in the gas phase by ion-neutral reactions with H 3 + , HCO + , and H 3 O + . For the cold component (lower panel, Figure 3 ), since the T dust =30 K is lower than the binding energy of HOCH 2 CN (6980 K), HOCH 2 CN is nonthermally desorbed from dust grains mostly by cosmic-ray induced secondary UV-photons. The observed abundance cannot be reproduced by any model. This suggests that the network is missing key gas phase formation routes of HOCH 2 CN.
We finally note that the predicted abundances of the photo-products CHOCN and CH 2 CNH are ≤10 −14 , consistent with the upper limits inferred toward I16293B.
In summary, the detection of HOCH 2 CN toward I16293B indicates that this important pre-biotic molecule can be synthesized in the ISM to be incorporated into Solarsystem objects such as comets and asteroids. Our modelling shows that the chemical network of HOCH 2 CN might not be complete, and thus further experimental and theoretical work is needed to constrain its gas-phase chemistry. 
